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Background: Evidence of the positive effects of school physical activity (PA) interventions, including classroom-based PA 
(CBPA), is rapidly growing. However, few studies examine how variations in scheduled PA opportunities and teacher- 
implemented CBPA affect students’ PA outcomes. Methods: Teachers at 5 elementary schools attended training on how to 
implement CBPA. Data on school-day PA opportunities [physical education (PE), recess, and CBPA] were obtained via 
calendar and teacher-recorded CBPA logs. Daily step counts were measured via accelerometry in 1346 students across 65 
classrooms in first through fifth grades. Results: PE, recess, and CBPA contributed significantly to students’ daily steps. Males 
accrued more steps than females over the school day, during PE, and during recess. No gender disparity was seen in the amount 
of additional steps accrued during CBPA. Overall step counts were lower among fifth-grade students versus first-grade 
students, but CBPA attenuated this difference such that grade-level differences were not significant in fifth-grade students who 
received CBPA. Conclusions: Gender disparities in step totals were present on PE and recess days, but not on CBPA days. 
CBPA appears to provide equal PA benefits for both genders and to potentially minimize the decline in PA among older 


students. 
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Primary prevention efforts for obesity and related chronic 
diseases in young populations should be a central aim of school 
health practices.! Schools have a unique ability not only to address 
energy intake and nutrition, but also to help children meet mini- 
mum standards for daily engagement in health-enhancing physical 
activity (PA).?3 Research has shown that school-based PA inter- 
ventions are effective for improving health outcomes and also for 
improving educationally relevant behavioral outcomes such as 
time on task*+~® and academic achievement.’”* To experience opti- 
mal health benefits, it is recommended that children aged 6— 
17 years accrue at least 60 minutes of moderate to vigorous PA 
(MVPA) per day.? Several studies have provided evidence that 
elementary-school-aged children need at least 12,000 steps daily to 
reach this target.!°-! As a large portion of children’s days are spent 
at school, the Institute of Medicine? has recommended that children 
achieve at least half of their PA quota during school, which equates 
to 30 minutes of MVPA, or taking approximately 6000 steps, 
during regular school hours.!* 

Multiple opportunities for engaging in structured and unstruc- 
tured PA can occur throughout the school day. Physical education 
(PE) is structured, utilizing purposeful learning objectives and 
curricular standards to educate students about movement, fitness, 
and health.!* Recess, which is often unstructured, allocates time for 
free play and social growth,!° and children can accrue substantial 
amounts of PA during this time.!°!8 In addition, schools seeking to 
create optimal environments for the health and learning of their 
students are encouraged to provide as many opportunities for PA as 
possible, including in the classroom.*!? Common examples of 


Calvert, Flay, and Turner are with the College of Education, Boise State University, 
Boise, ID. Mahar is with the School of Exercise and Nutritional Sciences, San Diego 
State University, San Diego, CA. Calvert (hannahcalvert898 @boisestate.edu) is 
corresponding author. 


classroom-based PA (CBPA) include infusing PA into otherwise 
sedentary lessons (eg, students jumping while practicing multipli- 
cation) or using PA during a break between blocks of seated 
instruction.!° 

Integration of PA into aspects of the school day other than 
PE and recess is a key part of comprehensive school PA 
programs.*°-?! Several national organizations support this con- 
cept, and many state-based initiatives and online resources exist 
to support teachers. Data from a nationally representative sample 
of 640 US public elementary schools in 2013-2014 indicated 
that although over 70% of school administrators reported some 
use of CBPA at their school, the number of teachers engaged 
in the practice was often less than 50%.?* However, given 
the growing evidence base showing that CBPA can improve 
student on-task behavior,>-73-74 the integration of PA into lessons 
should be viewed as an effective classroom management 
strategy. 

Despite the expanding evidence on the benefits of CBPA 
implementation for school-day PA levels in children,>-?>*° there 
remains a need to examine these PA outcomes when CBPA 
opportunities are quantified. Further, it is important to consider 
the variations in duration and frequency of CBPA that are inherent 
when delivered by teachers, and how the changes in daily “dose” of 
CBPA may relate to student PA levels.*! The current study 
examined how CBPA contributes to school-day PA in the form 
of total school-day step counts, when elementary school teachers 
implement CBPA as they choose. Specifically, we investigated the 
contributions of regularly scheduled PA opportunities (PE and 
recess), plus CBPA, toward the step counts accrued by students 
(across grade level and gender) during regular school hours. We 
hypothesized that PE and recess would facilitate the most steps, and 
CBPA would facilitate fewer steps, while still positively contrib- 
uting to school-day PA. 
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Methods 


The institutional review board at Boise State University approved 
this study. School administrators and teachers provided written 
consent for study participation. Prior to the collection of student 
data, parents were notified of the study and provided the opportu- 
nity to decline for their child to participate (none did so). Children 
were also given the opportunity to decline to wear accelerometers 
(none did so). All data collection was anonymous at the student 
level, with the only 2 student characteristics known to the re- 
searchers being classroom (ie, grade) and gender. 


Participants 


These data were gathered as a part of a study that examined the 
implementation of CBPA and impacts on student outcomes at 5 
public elementary schools during the 2015-2016 and 2016-2017 
school years. For this study, classrooms in each school contributed 
1 week of data during their semester of CBPA implementation. The 
demographic characteristics of schools are presented in Table |. To 
preserve privacy, school characteristics are reported in ranges. 
Among the 5 schools, 3 were rural and 2 were suburban, with 
student enrollment ranging from ~350 to more than 550 students. 
All schools served students in kindergarten through fifth grade, and 
all schools served high-need communities, as indicated by high 
rates of student eligibility for free/reduced-priced meals (a proxy 
for socioeconomic disadvantage). Teachers varied in their number 
of years of experience, and 2 schools had a majority of early career 
teachers, within the first 5 years of practice. 

Within the 5 schools, data were obtained from 67 classrooms. 
In each classroom, students wore the accelerometers for a full 
week; the total number of days the device was worn by each student 
ranged from | to 5, with a mean of 4.16 observations (days) per 
student. A total of 5794 student-day observations were collected 
from 1394 students (52% male). After 184 observations were 
removed from analysis due to questions of fidelity to the data 
collection protocol (see “Data Analysis” section), the final dataset 
included 5610 observations from 1346 students in 65 classrooms. 


PA Tracking 


Low-price commercially available accelerometers have been 
shown to provide accurate data regarding step counts in adults.” 
Other work has shown steps to correlate with MVPA, providing a 
credible representation of PA in children.** The present study used 


the Jawbone UP Move» (San Francisco, CA) triaxial accelerome- 
ter to measure step counts. A subsample of participants also wore 
ActiGraph GT3X (Pensacola, FL) accelerometers at the same 
location on their right hip, allowing for the examination of the 
validity of the Jawbone’s measurement of steps. Full details of the 
validity evidence are provided elsewhere.*+ The Jawbone’s mea- 
surement of step counts had acceptable accuracy (intraclass corre- 
lation coefficient = .93), with a slight bias for undercounting steps 
compared with ActiGraphs (mean difference =—568 steps). The 
Jawbone device had a rubber case with a clip and could be worn 
attached to clothing anywhere on the body per manufacturer 
specifications. All participants in this study were instructed to 
attach the device to their waistband at their right hip. The Jawbone 
was selected due to its low price, its capability to store multiple 
days of step data, and the lack of an overt numerical display that 
may provoke wearer reactivity. 


Protocol 


All teachers participated in a 2-part professional development 
session for integrating PA into classroom teaching. Teachers 
were asked to provide their classes with as many CBPA oppor- 
tunities as they felt comfortable with and to try to facilitate at least 1 
CBPA bout per day. Teachers were given a booklet of energi- 
zers,>>3© all had access to GoNoodle® (a web-based tool with 
activity videos), and all were encouraged to also make their own 
CBPA activities. Printed CBPA tracking logs were given to teachers 
to track the number, type, and duration of the physical activities 
their classes engaged in each day. Classroom scheduling informa- 
tion was obtained from the school’s master calendar (ie, regarding 
the day and duration of any scheduled PE time, and expected timing 
of recess). Based on the master schedule, an anticipated schedule 
was provided to all teachers, which they were asked to confirm or 
correct, and to make notes about any schedule changes (eg, recess 
or PE cancellations, substitute teachers). 

Accelerometers were delivered to each participating classroom 
within a given school on Friday afternoon or just before the start 
of class on Monday morning, and each classroom teacher was 
given verbal and written instructions for the measurement week. 
Teachers were provided a script for describing the project to the 
students, which included the elements of assent and providing 
the opportunity for students to decline to participate. Students were 
asked to clip the device to their right hip by attaching it to their 
waistband. Each student was assigned an accelerometer with a 
unique numeric code to wear for the whole week. Students wore the 


Table 1 Characteristics of Participating Elementary Schools 
School A 
Student characteristics 
White non-Hispanic/Latino students, % 80-90 
Hispanic/Latino students, % 10-20 
Students eligible for free/reduced-priced meals, % 50-60 
Title 1 status Yes 
Teacher characteristics 
Number of self-contained classroom teachers 21 
Median number of years teaching, y 7 
Range of years teaching, y <1-34 
Number of early career teachers (<5 y) 9 


School B School C School D School E 
70-80 40-50 50-60 40-50 
20-30 50-60 30-40 50-60 
40-50 80-90 60-70 80-90 

Yes Yes Yes Yes 
18 22 16 20 
6 5 15 5.5 

<1-39 <1-16 1-32 1-20 
9 12 4 10 


Note. To preserve school privacy, demographic characteristics are shown in decile ranges. 
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accelerometer from the beginning of instruction in the morning 
until the end of the school day, at which time it was removed and 
stored in the student’s desk or elsewhere in the classroom. Data 
were collected from each student over 4 or 5 consecutive days, 
depending on the schedule of the school. One school operated on a 
4-day (Mon-Thu) schedule, and the other 4 operated on a 5-day 
(Mon-Fri) schedule. The accelerometers were picked up at the end 
of each classroom’s week of accelerometer data collection, along 
with each teacher’s confirmed calendar information and CBPA 
tracking log. 


Data Analysis 


Classroom calendar data (minutes of daily PE and recess) and 
CBPA logs were entered into a database. Teachers who returned 
logs with days left blank were given a “0” for minutes of CBPA on 
the days when entries were not recorded. There were many 
variations in the types of CBPA patterns reported by teachers 
each day (eg, 1 bout of 10 min, 4 bouts of 3 min, etc). These were 
entered verbatim but were collapsed for analysis, coded as the 
total number of minutes of CBPA each day: none, 1-5 minutes, 
6-10 minutes, and more than 10 minutes. During data entry, the 
research team made notes about the credibility of the logs: Logs 
were flagged for additional consideration if all were written in the 
same color ink (ie, all entries possibly written on one day), included 
inaccurate dates (ie, weekends, holidays, or other days with no 
school), or other questionable patterns such as potentially out of 
range information (eg, unusually high amounts of activity such as 
two 15-min bouts per day every day). Two teachers’ CBPA records 
were excluded (thereby removing 184 student-day observations) 
from analysis due to the reasons listed previously. 

For accelerometer initialization, a unique account was created 
for each device within the free Jawbone UP mobile application. 
Activity data were synced by logging into the device account and 
enabling the Bluetooth data upload. A data file containing daily 
activity summaries was downloaded in spreadsheet format. Data 
were coded for each week of wear (ie, assigned to a classroom, 
based on date and location of the device that week). The Jawbone 
devices do not provide a calculation of total minutes of wear time, 
but activity start and end times were available on each daily 
summary. Data were screened for valid days of wear by (1) manu- 
ally calculating minutes of wear by taking the difference between 
the start and end time of wear—if the participant wore the device 
for 70%-—100% of school-day minutes, it was considered a valid 
day of wear time—and (2) visually examining the activity graphs of 
all valid days within the Jawbone interface to ensure that the device 
was consistently worn between the start and end times. 


Statistical Analysis 


These data assume a nested structure, whereby multiple observa- 
tions (days) were nested within students, students were nested 
within teachers, and teachers were nested within schools. Descrip- 
tive statistics summarize the characteristics of the sample at the 
student level (Table 2), and daily PA events based on teacher 
schedules were examined at the classroom level (Table 3). The 
primary analysis was a multilevel mixed-effects linear regression 
analysis to examine the effects of gender, grade, minutes of PE, 
minutes of recess, and minutes of CBPA on step count totals. 
Student gender, grade, minutes of PE, minutes of recess, and CBPA 
outcomes were entered as fixed effects in the model. A limited 
number of discrete responses were possible for the variables of 
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grade (1, 2, 3, 4, or 5), PE minutes (0, 18, 25, 30, 35, or 45), and 
recess minutes (20, 25, 30, 35, 40, 45, 50, or 60). These variables 
were treated as ordinal (ordered categorical) variables, with the 
reference group being the first value in the series (eg, grade 
reference = first grade, PE minutes reference=0 min). CBPA 
minutes were also treated as an ordinal variable (0, 1, 2, or 3). 
Because of the interest in examining gender and grade-level 
differences in step counts across the different PA opportunities, 
several models were conducted with interaction terms to test a 
priori hypothesized disparities. Given literature showing that males 
accrue more steps than females across the school day,!® we 
hypothesized that males would accrue more steps than females 
during all PA opportunities (PE, recess, and CBPA). Similarly, 
given that PA levels are lower among older children,*” we hypoth- 
esized that students in upper grades would accrue fewer steps 
during PA opportunities than students in lower grades. Separate 
models, including student characteristics and classroom (schedul- 
ing) characteristics, were calculated to test gender and grade 
influences on step counts, varying by PE minutes, recess minutes, 
and CBPA minutes. All statistics were calculated using Stata/IC 
Statistical software (version 13.1; StataCorp LP, College Sta- 
tion, TX). 


Results 


Student-level characteristics are presented in Table 2. Participant 
distribution was similar across genders and across all grade levels. 
Because schools varied substantially in the scheduling and provi- 
sion of PE and recess, the school-day characteristics by classroom 
are presented in Table 3. All students received some PE, except for 
1 classroom, for which PE class was canceled during the measure- 
ment week. Recess minutes also varied across schools, but all 
schools provided students with recess at lunchtime, with at least 
20 minutes of recess per day for all students and often much more. 
A chi-square test at the classroom level examined whether CBPA 
was more likely to be provided by teachers on the days on which 
their class did not have PE class, but this was not the case (x2 = 
0.745, P=.388). On PE days, 73.9% of teachers provided some 


Table 2. Characteristics of Daily Observations 
(n = 5610) From 1346 Students 


% n 

Grade 

1 13.3 179 

2 19.5 262 

3 25.3 341 

4 21.7 292 

5 20.2 272 
Gender 

Female 48 646 

Male 52 700 
Number of observations from each school 

School A (14 teachers) 19.4 1089 

School B (8 teachers) 13.7 770 

School C (16 teachers) 27.8 1558 

School D (11 teachers) 12.4 695 

School E (16 teachers) 26.7 1498 


JPAH Vol. 15, No. 3, 2018 


Downloaded by Univ de Montreal on 03/02/18, Volume $ {article.issue. volume}, Article Number ${article.issue.issue } 


164 Calvert et al 


Table 3 Weekly Amounts of PE and Daily Amounts of Recess, per Classroom/Teacher, by Grade 


PE minutes per week 


Daily recess minutes 


Grade Total no. of teachers Modal response (% of teachers) Range Modal response (% of teachers) Range 
1 10 45 (70) 25-90 45 (34) 20-50 
2 13 45 (39) 35-90 45 (33) 20-50 
3 16 45 (31) 0-90 50 (32) 20-60 
+ 14 60 (29) 25-90 40 (40) 20-40 
5 12 90 (33) 30-90 35 (45) 20-45 


Abbreviation: PE, physical education. 


CBPA, while 26.1% of teachers did not; on non-PE days, 68.2% 
did and 31.8% did not. 


Main Effects 


Table 4 presents a fully adjusted model including all covariates, but 
not hypothesized interaction terms. As expected, there were several 
significant main effects. After adjusting for PE time, recess time, 
and other covariates in the model, females took 958 fewer steps per 
school day than males. Fifth-grade students accrued 855 fewer 
steps than first-grade students. On days on which students received 
PE for 25 minutes or more, students’ step counts were higher than 
on days with no PE. The highest step count among PE categories 
was observed on days with 35 minutes of PE (3867 more steps than 
days with no PE). More minutes of recess were also associated with 
higher step counts. The highest step count among recess categories 
was observed for 45 minutes of recess (1801 more steps than days 
with 20 min of recess). A significant positive association was found 
between minutes of CBPA and total step counts, such that provid- 
ing any CBPA resulted in significantly higher steps counts com- 
pared with days with 0 minute of CBPA. The highest step count for 
CBPA categories was observed for days with 1-5 minutes of 
CBPA, showing 353 more steps accrued than days with no CBPA. 


Gender and Grade Interaction Effects 


We tested several hypothesized interactions between gender and 
each of the 3 types of PA opportunities (PE, recess, and CBPA), and 
between grade and types of PA opportunities. Importantly, a signifi- 
cant interaction emerged between CBPA minutes and grade level, 
whereby students in fifth grade showed significantly higher steps 
across increasing CBPA categories compared with students in first 
grade. As shown in Figure 1, the step counts for first-grade students 
were above 5000 steps per day for all categories of CBPA, but for 
fifth-grade students, step counts varied significantly depending on 
whether their teacher used CBPA. In fifth grade, students receiving 
0 minutes of CBPA had the lowest step counts, but significantly 
more steps were attained by students who received CBPA for 1- 
5 minutes (b= 644.5, P<.01), 6-11 minutes (b=545.4, P<.01), 
and 11+ minutes (b =731.9, P< .01), bringing them close to the total 
step counts for first-grade students. No consistent grade-level dis- 
parities for steps accrued in PE or recess were found. 

We also tested gender interactions for each of the PA oppor- 
tunities. The relationship between steps and CBPA minutes did not 
vary by gender, but significant interactions were found for PE and 
recess. The gender by PE interaction revealed that males accrued 
more steps than females on days that had PE class for 35 minutes (b 
= 2224.6, P=.001) and 45 minutes (b=364.4, P=.001), versus 


Table 4 Results of Multilevel Linear Regression Model 
to Predict Student-Level Daily Step Count, With Student- 
Level and Classroom-Level Covariates 


Steps (SE) b 
Student-level variables 
Gender 
Males? 5521 (47) 
Females 4563 (47) —957 .9*** 
Grade 
1° 5212 (97) 
2 5245 (84) 33.3 
3 5451 (69) 240.1* 
4 5023 (84) —188.7 
5 4357 (79) —854.4*** 
Classroom-level variables 
PE minutes 
0° 4763 (36) 
18 4498 (229) —264.2 
25 5522 (79) 759. 7*** 
30 5423 (85) 660. 1*** 
35 8630 (355) 3867.7*** 
45 5927 (57) 1282.2*** 
Recess minutes 
20° 4139 (74) 
25 4977 (186) 838.3*** 
30 5335 (89) 1196.0*** 
35 4738 (55) 599,.3*** 
40 4730 (93) 591.3*** 
45 5940 (87) 1801.2*** 
50 5252 (71) 1113.6*** 
60 5421 (189) 1282.2*** 
CBPA minutes 
o° 4925 (43) 
1-5 5278 (54) 353.6*** 
6-10 5088 (55) 163.0** 
11+ 5156 (74) 230.9** 


Abbreviations: CBPA, classroom-based physical activity; PE, physical education. 
“Model-adjusted margins. 

Reference group. 

*P<.05. **P<.01. ***P<.001. 
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6-10 min 11+ min 


1-5 min 


Grade 1 


1-5 min 6-10 min 114 min 


Grade 5 


Category of CBPA minutes 


Figure 1 — School-day total step counts* for fifth- and first-grade students by CBPA minutes category. “Adjusted for covariates in model: gender, PE 
minutes, recess minutes, teacher and school effects. CBPA indicates classroom-based physical activity; PE, physical education. 


no PE. Similarly, males accrued disproportionately more steps than 
females during recess. Step counts for males were higher on days 
with recess for 30 minutes (b =568.47, P<.01) and 35 minutes 
(b =384.0, P<.05), compared with the referent category of 
20 minutes. 


Discussion 


The results from this study indicate that PA opportunities during 
the school day influence step counts in young children. In addition 
to PE and recess, we found that minutes of teacher-reported CBPA 
predicted significantly higher school-day step counts. Consistent 
with prior studies, fifth-grade students (typically aged 10-11 y) 
accrued fewer steps than first-grade students (typically aged 6-7 y), 
and females accrued significantly fewer steps than males overall, as 
well as during PE and recess. Importantly, CBPA attenuated the 
decrease in PA among older elementary school students, and 
CBPA also elicited equal participation from males and females, 
as measured by step counts. 

Previous work has shown PE to be a large contributor to steps 
accrued during the school day,!*3° and the current findings are 
consistent with that work. However, many schools—particularly 
those with lower student achievement on standardized tests—have 
cut scheduled time for PA over the last decade to prioritize 
academic subjects.? Nationally representative data from 1831 
elementary schools between 2009 and 2012? showed that fewer 
than 20% of elementary schools provide students 150 minutes of 
PE time each week, which is the amount recommended by SHAPE 
America.!'* Schools in the current study were consistent with these 
national trends toward providing minimal PE time in elementary 
schools. On the positive side, our data indicated that as few as 
25 minutes of PE time in | session can provide a significant boost in 
the overall step counts of students, which is encouraging. However, 
this should underscore the importance of having PE daily, rather 
than once or twice per week. 

Similar to previous work,!7° this study also showed that more 
minutes of recess was associated with higher step counts. However, 
the gains in steps did not incrementally increase with additional 


recess minutes, demonstrating the variability in PA engagement 
among students during free play opportunities. Nationally in 2014, 
elementary school students received about 27 minutes of daily 
recess time, on average,*° which varied across schools in number of 
recess bouts and scheduling patterns. In the current study, students 
were provided with a higher average number of recess minutes 
daily than the national average, but PE minutes were low. With 
many districts facing budgetary limitations, the elimination of 
specialist positions, such as PE teachers, has been advocated by 
some sectors.*! This was not an issue in the present study, as all 
schools had certified specialists teaching PE. For schools facing PE 
cutbacks, it also may be appealing to increase recess time to 
compensate for lost PE minutes. However, because recess is largely 
unstructured and does not provide the same types of learning as PE, 
recess should not be viewed as an equal substitution for minutes in 
quality PE. 

Our approach for measuring CBPA allowed us to divide daily 
CBPA minutes into ordered categories. Results showed that all 
levels of teacher-reported CBPA predicted higher daily step counts 
for students, compared with days when no CBPA was used. 
However, the highest average step total associated with CBPA 
in this study (353 steps) was smaller in magnitude than shown in 
previous CBPA intervention studies, which have reported gains of 
700 or more steps.*7°?7 Unexpectedly, our data did not indicate a 
linear association between steps and CBPA, as the highest 
observed step total among CBPA categories was seen in the 
1- to 5-minute group (353 more steps than no CBPA minutes), 
rather than the 11+ minute group (231 more steps than no CBPA 
minutes). It is unclear why no dose-response relationship existed 
between the amount of CBPA minutes offered and step totals; 
however, higher levels of PE and recess minutes were not consis- 
tently associated with higher step totals either. It should be noted 
that step counts do not reflect the intensity of PA. Thus, students 
participating in short bouts of CBPA may have been doing more 
high-intensity movements (eg, jumping jacks or running in place) 
compared with during the longer CBPA bouts. Previous work has 
reported that teacher-delivered CBPA interventions can result in 
significant gains in school-day MVPA minutes.?>?8-° 
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Studies of PA among elementary school-aged children often 
demonstrate that males accrue more PA than females, !*:28-38-42.43 
which this study corroborates. A gender-by-activity interaction on 
steps was also observed in this study, such that males accrued more 
steps in both PE and recess. Not all prior studies have consistently 
shown gender disparities in these activities.!87°44 In the current 
data, there was no significant gender interaction with levels of 
CBPA on steps. In other words, male and female students were 
equally as active during CBPA. This may indicate that due to the 
whole-class nature or movement characteristics involved in such 
activities, CBPA could engage all students—both male and female 
—in similar amounts of PA, whereas the same is not true for PE or 
recess. Erwin et al?’ also found males and females to respond 
similarly to a teacher-delivered CBPA intervention. 

Much work has shown that PA patterns vary by age, often 
decreasing among older children. The drop in PA levels from 
childhood to adolescence is well documented and may begin as 
early as elementary school.*3-4>7 The current cross-sectional data 
also indicate that fewer school-day steps are accrued by fifth-grade 
students than by first-grade students. However, we found a signifi- 
cant grade-level interaction with levels of CBPA on step counts. 
This interaction revealed that when classroom teachers utilized 
CBPA, it nearly eliminated the disparity in step counts between 
first- and fifth-grade students. In our sample, fifth-grade students 
whose classrooms engaged in at least 11 minutes of CBPA per day, 
on average, took only 401 fewer steps per school day than first- 
grade students, compared with a difference of 1132 steps per school 
day between first- and fifth-grade students when CBPA was not 
offered. This has important implications for increasing PA levels 
among older students. 


Strengths and Limitations 


Strengths of this study include the examination of student PA 
during the school day across gender, grade, and class-specific 
scheduling characteristics. Teachers’ CBPA implementation was 
assessed daily. Our study used an approach for measuring CBPA 
that allowed for more precise estimation of the dose of CBPA than 
in some other research studies that only obtain retrospective self- 
reports about whether any CBPA was used. The study was con- 
ducted in authentic education settings with real-world variations in 
scheduling and provision of PA opportunities. Teachers were 
encouraged to use any CBPA technique that suited them and to 
use even short bouts of CBPA to re-energize students, with the 
philosophy that “a quick PA bout is better than no PA bout.” These 
approaches mirror how practicing teachers would most likely 
implement CBPA, given their time constraints and varied access 
to CBPA resources. This study is among the first to examine not 
only the differences in teachers’ use of CBPA on days with varying 
levels of PE and recess, but also how CBPA-dependent step 
outcomes differ across student age and gender. 

Limitations include the quantification of PA in the form of 
steps, which does not provide PA-intensity data such as MVPA and 
sedentary time and cannot entirely capture the potential health- 
enhancing benefits of the PA performed by teachers during this 
study. The tracking of CBPA was reliant on teachers’ self-report— 
that is, their recall and reporting of activities done each day. As with 
any self-report data, it is subject to reporting biases, demand 
characteristics, and potential inaccuracies. Although teachers 
were encouraged to write down their activities during or immedi- 
ately after completion, this was not always realistic for the teachers; 
thus, some recall error in their responses is possible. 


Conclusions and Future Directions 


This study adds to the growing literature in support of teacher- 
implemented CBPA as a key element of comprehensive school PA 
programming.*° Results demonstrated that any amount of CBPA 
was associated with higher student step count totals, although we 
did not find a linear dose-response relationship between CBPA and 
steps. This is good news for those seeking to implement CBPA, as 
it may not take more than a few minutes of CBPA ina school day to 
facilitate significant gains in student PA. Future research should 
investigate whether short bouts of CBPA can facilitate improve- 
ments in student behavior, in line with the positive behavioral 
outcomes shown after longer (10-15 min) moderate- to vigorous- 
intensity classroom activities.*+ 

We found that males and females had similar step counts when 
engaging in CBPA, and CBPA was an important contributor to 
school-day PA for older students. These findings have important 
implications for school policies and practices, as they reinforce the 
notion that CBPA should be promoted to teachers of all grades. 
Because PA accrual declines as children mature through elemen- 
tary school, it may be particularly important for teachers in upper 
grades to utilize CBPA, though further work is needed to investi- 
gate whether CBPA can mitigate this decline. CBPA may also be a 
promising strategy to engage females in PA. Next steps for research 
in this area could include the use of randomized controlled trials to 
investigate how the implementation of CBPA in schools affects 
gender and grade disparities in school-day PA. 
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